Fractionated components of Bombyx mori silk fibroin, which were hydrolyzed with protease, were prepared by preparative recycling HPLC system in order to evaluate the protective effects of molecular weight-controlled B. mori silk fibroin components on H 2 O 2 -injured neuronal cell. Three major fractions having molecular weight less than about 1500 could be first collected using the above recycling techniques. The highest protective effect of molecular controlled B. mori silk fibroin components on H 2 O 2 -injured neuronal cell was obtained when the fraction having molecular weight around 1400 was used. It was suggested that this protective effect of silk fibroin hydrolysate on H 2 O 2 -injured neuronal cell correlate with content of aromatic amino acids such as tyrosine and phenylalanine.
INTRODUCTION
Silk is well known fibrous protein produced by the silkworm, which has been used traditionally in the form of threads. It is composed of two kinds of protein: a fibrous one (named fibroin) and a gum-like one (named sericin) that surrounds the fibroin fibers to cement them together. One of the most favorable properties is the structural transition from solution to insoluble form, namely the crystallization as a protein. Thus, it is possible to make non-fabric materials from the silk proteins such as a film, gel, powder and solution. Application of silk proteins to biomaterials such as an enzyme-immobilization film for biosensors, 1-3 poly vinyl alcohol/ chitosan/ fibroin-blended spongy sheets for regenerative medical materials 4 and cell-culture matrices 5 , has been widely investigated due to unique structural properties, [6] [7] [8] [9] and biocompatibility. 10 On the other hands, the hydrolysate of silk fibroin as water-soluble peptides was also investigated to apply foods and dietary supplements. 11 However, the biological function of the hydrolyzed peptide is unclear. In the past decade, the antioxidant activity of natural products such as flavonoid species, which are well known as pharmacologically active constituents, has been given much attention because some flavonoid species may be useful to protect neurons from oxidative injury. 12 Previously, evidence for an antioxidant action of the silk sericin onto lipid peroxidation and inhibition of tyrosinase activity in vitro has been reported. 13 In spite of the impressive usefulness of silk proteins as novel biomaterials, the effect of fractional components of Bombyx mori silk fibroin on hydrogen peroxide toxicity of neuron cell activity has been relatively unknown.
In this study, we evaluate fractionation of silk fibroin hydrolysate and the protective function on hydrogen peroxide toxicity. Molecular weight-controlled hydrolysate of fibroin was prepared using a large-scale recycling HPLC system. The possible mechanism and structural properties were also discussed. 
EXPERIMENTAL

Preparation of silk fibroin solution
Enzymatic hydrolysis and fractionation
Proteolytic enzyme, actinase from Streptomyces griseus (Kaken Chem. Co., Japan) was used for enzymatic degradation. The silk fibroin solution and 5% of actinase to the weight of fibroin was mixed under nitrogen gas, at 55 o C for 12 hours. Then, the Statistical analysis of the data was carried out using analysis of variance (ANOVA) followed by Student's t-test, using P<0.05 as the level of significance.
RESULTS AND DISCUSSION
C NMR and fractionation of enzyme-treated silk fibroin
Silk fibroin fibers were dissolved with high concentrated calcium chloride aqueous solution with adequate additive agent (ethanol). After this preparation, we attempted to separate salts from the regenerated silk protein solution by size exclusion chromatography using a Sephadex G-25 as described in Experimental. Recovery of the protein during the desalting process was in the 85 to 90% range. Then, silk fibroin solution was treated with proteolytic enzyme to prepare peptide fragments. Figure 1 shows 13 C NMR spectra of B. mori silk fibroin treated with and without enzymatic digestion. Expanded region between 40-44 ppm is shown. These 13 C peaks are attributed to glycine residues. These peaks are convenient for monitoring digestion of the fibroin amino acid sequence because the sequential information of Gly-X-Gly in the silk fibroin heavy (390 kD) and light chain (26 kDa) is 89 % of residues 17 . 13 C chemical shift of glycine residues which consists of silk fibroin (Fig.1 .A) indicated one major peak at 42.6 ppm with a distribution less than 0.2 ppm. This result agrees with the previous report 14 . By the enzymatic digestion ( Fig.1.B To fractionate the peptide fragments, the recycling preparative HPLC system was applied. As shown in Fig. 2 , the first cycle did not show separated peaks. However, with increasing the recycling number the peak separation increased at interval of 20 min. Three individual peaks could be observed more than 4 recycling steps. Complete baseline separation of the clear single peak was obtained in cycle 7-steps. The isolated components were 25 mg (fraction-1), 70 mg (fraction-2) and 90 mg (fraction-3), respectively. Recovery of the loaded peptides to the recycling preparative HPLC system was 88.1%. Advantages in the recycling technique in HPLC demonstrated here were the separation efficiently for a large scale, and the relatively short separation time.
Molecular weight distribution of fractional components
The molecular weight calibration curve of pullulan and polyethylene glycol standard vs. weight-averaged molecular weight (Mw) of fractional components of silk fibroin is shown in Fig. 3 . The fractional components 1, 2 and 3 correspond to averaged Mw 430, 800 and 1400, respectively. Yamada et al. have been reported that chemical degradation of silk fibroin during degumming and dissolving processes. 19 Native fibroin solution extracted from silk gland tissue has molecular masses of about 350 and 25 kDa, which correspond to the heavy and light chains of native fibroin molecules. However, by degumming and following dissolving treatment with CaCl 2 of fibroin fibers, sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) analysis of the regenerated solution showed a broad smeared band at lower molecular weight. In the present study, it is suggested that the native fibroin molecule was also degraded to a mixture of polypeptides of various sizes during the preparation of the fibroin solution because similar dissolving method with CaCl 2 was used. Interestingly, the following protease treatment and the fractionation using the recycling HPLC gave us three major 
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fractions as shown in Fig. 3 . There has been no report about separation of the fibroin peptides using the recycling HPLC method. In our present work, three kinds of fibroin peptides having lower molecular weight less than 1500 were first obtained by the enzymatic degradation of the regenerated silk fibroin solution.
The influence of silk fibroin fractional component on cell viability
The protective effect of silk fibroin fractional component against H 2 With increasing concentrations of fractional component-1, neuronal survival ratio in the oxidative stress paradigm of cells increased from 15.1% to 21.6%. Similar increasing was observed with other two fractions. The highest survival ratio (32%) was obtained when 100 µg/ml of fraction-3 was used as shown in Figure 4 . These results indicate that the fractional component of silk fibroin is associated with the protective role of superoxide anion (O 2 ) against reactive oxygen species in the oxidative stress paradigm. A characteristic feature of the fibroin is the high proportion of the smaller side group amino acids, glycine, alanine and serine. 20 Amino acid composition of three fractional components, which were separated using the recycling HPLC was analyzed.
The higher mol% of fraction-1 had the order of glycine > alanine > serine > tyrosine. property of these peptides to antioxidative disease such as Alzheimer's or Parkinson's disease. [21] [22] [23] Recently, it has been reported that the recombinant silk sericin, which contains repeats of serine-and threonine-rich amino acid residues, protects against cell death caused by acute serum deprivation in insect cell culture. 24 This report support importance of hydroxyl group or aromatic ring amino acids on the protection of cell death. Amino acid sequential analysis of the fractionated hydrolysates is in progress in order to evaluate effect of the sequential specificity and aromatic amino acid residues of fibroin peptides on the cell viability. 
